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(54) Abstract Title 

Seat belt pretensioner and power generator arrangement 

(57) A pretensioner device for a seat belt in a vehicle, for moving the seat belt buckle 8 in a direction, to 
tension the seat belt, has a power generator 13, and prevents a reversing movement of the buckle, with a 
reversing movement prevention device 15. The power generator comprises a fixed cylinder 21, a piston 
assembly 22, a gas generator 25, and a spring member 24, which resiHently urges a part of said piston 
assembly, in a direction of actuation of said piston assembly. The piston assembly may comprise a main body 
22a, slidably received in said cylinder, abutting, by means of respective coaxial concave, and convex, surfaces, 
a piston rod 22b, the other end of which projects out of the cylinder end. Said spring member may comprise a 
compression coil spring, interposed between an annular collar 23, within the cylinder, and a base end of said 
main body 22a. 
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SEAT BELT PRETENSIONER DEVICE AND POWER GENERATOR 

THEREFOR 

5 

The present invention relates to a pretensioner 
device for automatically increasing the tension of an 
automobile seat belt. 

An automobile seat is normally equipped with a seat 

10 belt for restraining the vehicle occupant from being 
thrown forward in case of a vehicle crash or the like. 
Also, a seat belt is normally equipped with an emergency 
locking retractor (ELR) device which does not restrain 
the motion of the vehicle occupant under normal 

15 conditions, but locks up the winding shaft for the seat 
belt only in case of a sudden stop or a vehicle crash. 
The ELR device is capable of locking up the winding 
shaft in a very short time period upon detecting a 
deceleration level higher than a prescribed value, and 

20 thereby prevents the seat belt from being paid out any 
further . 

However, even when the winding shaft is locked up, 
it is still not possible to prevent the seat belt from 
being paid out by a certain amount due to the tightening 

25 of the part of the seat belt wound around the winding 
shaft. In view of this fact, various pretensioner 
devices have been proposed, which rapidly move the 
buckle connected to the seat belt in a direction to 
tension the seat belt, and thereby increase the 

30 restraining force of the seat belt even further (see 
United States Patent No, 4,705,296) . A pretensioner 
device is normally equipped with a reversing preventing 
device, typically consisting of a ratchet device or a 
one-way clutch, separately from that for the ELR device, 

35 to prevent the buckle from reversing its motion. 

Such pretensioner devic s may use high pressure gas 
produced from a chemical reaction as a power generator 



for pulling the buckle, as proposed in United States 
Patent Application No. 08/847,272, which is assigned to 
one of the applicants of the present application. 

A conventional power generator 3 0 using high 
pressure gas is illustrated in Figure 7. A cylinder 31 
fixedly secured to a base member of a seat internally 
defines a inner bore 31a having a reduced diameter 
portion 31b at an , intermediate part thereof, and 
receives a piston 32 from a base end thereof, A free 
end 32a of the piston 32 which is integrally attached to 
the main part, for instance, via a screv; thread projects 
from a open end of the cylinder 31 and engages a buckle 
via a link member or the like. The base end 32b of the 
piston 32 is provided with a somewhat larger diameter, 
and engages the inner circumferential surface of the 
cylinder 31 via an 0-ring 33. The open end of the 
cylinder 31 is tightly fitted with a cap 34 having a 
central opening 34a. This opening 34a slidably engages 
an intermediate part of the piston 32, and provides a 
bearing surface for the piston rod as the piston 32 
moves. 

The other end of the inner bore 31a of the cylinder 

31 receives a gas generator 35 which includes a 
propellant and a ignition fuse. The open rear end of 
the cylinder 31 is crimped over a retaining plate 37 
which retains the gas generator 35 and serves also as a 
seal . 

According to this structure, the assembly is 
completed with the cylinder 31 fully received in the 
inner bore 31a as illustrated in Figure 7. However, if 
the gap L between the base end portion 32b of the piston 

32 and a shoulder surface of the reduced diameter 
portion 31b is too small, it may not be possible to 
properly accommodate the cumulative dimensional errors 
of the component parts of the pretensioner device (for 
instance, the connecting portion of the link member, and 
the cylinder retaining portion with respect to the base 
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member) , and the positional errors of the link member. 
Also, when there is a play in the connecting portion 
between the free end portion 32a of the piston 32 and 
the link member, and the connecting portion between the 
5 link member and the buckle, successive collisions may 

occur in the connecting portions upon activation of the 
gas generator 35 due to the presence of a play in each 
connecting E>ortion, and the resulting impacts may 
produce localized plastic deformations in various parts. 

10 Such deformation could lead to a loss of energy of the 
high pressure gas. Therefore, the gas generator 35 is 
required to be larger than desired to ensure a 
sufficient drive force for the buckle, and the power 
generator 30 tends to be larger than desired. 

15 According to this structure, the power generator 30 

is typically transported and stored with the piston 32, 
the cylinder 31 and the gas generator 35 assembled 
together. If the gas generator 35 is inadvertently 
activated in such a state, the piston 32 will be 

20 projected at high speed, and proper measures are 
therefore required to be taken for storage and 
transportation. This means a reduced space efficiency, 
and an increase in the time required for assembly. 
Also, because the piston 32 is relatively massive, the 

25 cap 34 is required to be strong enough to prevent the 

piston 32 from being projected from the open end of the 
cylinder 31 in case of an inadvertent activation of the 
gas generator 35, and the power generator inevitably 
becomes bulky and massive . 

3 0 According to the present invention, there is 

provided a pretensioner device for automatically 
increasing the tension of a seat belt in case of a 
vehicle crash by moving a moveably supported seat belt 
buckle in a direction to tension the seat belt with a 

3 5 power generator, and preventing a reversing movement of 
the buckle with a reversing preventing device, wherein 
the power generator comprises: a fixed cylinder; a 



piston assembly which is received in the cylinder and 
projects from an open end of the cylinder at a free end 
thereof to either directly or indirectly engage the 
buckle; a gas generator received in a base end of the 
cylinder remote from the open end for selectively and 
rapidly increasing the inner pressure of the cylinder; 
and a spring member which resiliently urges a part of 
the piston assembly in a direction of actuation of the 
piston assembly - 

Because the piston member is resiliently urged in 
the direction to project, the dimensional errors of the 
component parts and the positional errors that may occur 
during assembly can be readily absorbed, and the 
assembly work is simplified. Also, once fully 
assembled, the play that may exist between the component 
parts can be absorbed so that the collision of adjacent 
parts in the power transmission mechanism can be 
avoided, and the energy loss of the high pressure gas 
can be minimized. This allows the device to be compact 
and lightweight as a whole. 

Preferably, the cylinder comprises an annular 
collar fitted inside the cylinder, and the spring member 
comprises a compression coil spring interposed between 
an annular shoulder defined by the annular collar and a 
base end of the piston assembly. 

Additionally, the piston assembly may consist of a 
piston main body which is adopted so as not to project 
from the cylinder even after activation, and a piston 
rod which has a base end detachably engaging the piston 
main body from the open end and a free end engaging the 
buckle. With such a piston assembly, the handling of 
the device can be improved because the power generator 
can be handled for storage and transportation without 
installing the piston rod, and the inadvertent actuation 
of the gas generator for any reason merely causes the 
piston main body to move within the cylinder. 

The open end of the cylinder preferably comprises 
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an inwardly directed radial flange which prevents 
removal of the piston main body from the open free end 
of the cylinder. This inwardly directed radial flange 
may additionally provide a bearing surface for the 
5 piston rod. In particular, if the piston main body and 
the piston rod abut each other via a coaxial concave 
surface and a coaxial convex surface having a smaller 
curvature than the concave surface, the piston rod and 
the piston main body can be automatically aligned with 
10 each other, and the tilting of the piston rod can be 
effect ive ly prevented . 

Preferred embodiments of the invention will now be 
described by way of example only and with reference to 
the accompanying drawings, in which: 
15 Figure 1 is a perspective view of the surrounding 

part of a seat with a pretensioner; 

Figure 2 is a side view of a first embodiment of 
the pretensioner device of the present invention; 

Figure 3 is a bottom view of the first embodiment 
20 of the pretensioner device of the present invention; 

Figure 4 is a sectional view of the power generator 
of the first embodiment of the pretensioner device of 
the present invention; 

Figures 5 (a) to 5 (d) are enlarged fragmentary views 
25 of possible different shapes of the open working end of 
the cylinder shown in Figure 4; 

Figure 6 is a view showing the mode of operation of 
the pretensioner device; and 

Figure 7 is a sectional view similar to Figure 4 
30 showing the structure of a power generator of a 

conventional pretensioner device for a seat belt. 

Figure 1 shows a seat with a pretensioner device. 
Referring to Figure 1, a seat belt 3 paid out upward 
from an ELR device 2 fixedly attached to a lower part of 
35 a centre pillar 1 inside the passenger compartment is 
passed through a through ring 4 attached to an upper 
part of the centre pillar 1, and then extends downward. 



A free end 6 of the seat belt 5 is attached to a rear 
part of a side portion of a seat 5- A tongue plate 7 is 
provided in a part of the seat belt 3 located between 
the through ring 4 and the free end 6 so as to be 
slidable along the length of the seat belt 3. A buckle 
8 is attached to the side of the seat remote from the 
point of attachment of the seat belt free end 6 via a 
pretensioner device P. 

When a vehicle occupant who is seated in the seat 5 
pulls out the seat belt 3 from the ELR device 2, and 
<-v%^ <-/-.n^io ryi^i-fi^ H in the buckle 8- the seat 
belt 3 is passed around the shoulder, chest and hip of 
the vehicle occupant as a result. 

The pretensioner device P is designed to 
automatically increase the tension of the seat belt 3 in 
case of a vehicle crash or the like, and as illustrated 
in Figures 2 and 3, comprises base plate 11 for fixedly 
attaching the entire assembly to a side of the seat 5, 
an arm 12 having one end pivotally attached to the base 
plate 11 and another end connected to an anchor portion 
8a of the buckle 8, a linear actuator 13 serving as a 
power generator which is substantially fixedly attached 
to the base plate 11, a link member 14 having one end 
connected to the working end of the linear actuator 13 
and another end connected to a part of the arm 12 via a 
pivot pin 19 at a certain radial distance from the pivot 
centre of the arm 12, and a reversing preventing device 
15 for restricting the direction of rotation of the arm 
12 to one direction only. The reversing preventing 
device 15 may consist of a ratchet mechanism or other 
known one-way clutch arrangement. 

The base plate 11 is fixedly provided with a centre 
shaft 16 supporting the arm 12. The arm 12 is rotatably 
mounted on the centre shaft 16, and has an anchor pin 17 
fixedly attached to another end thereof by projection 
welding or the like. The anchor portion 8a of the 
buckle 8 is rotatably supported by the part of the 
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anchor pin 17 projecting from a side of the arm 12. As 
can be readily appreciated, the pivot pin 19 should be 
located substantially diagonally opposite the anchor pin 
17 with respect to the centre shaft 16 which is the 
5 pivot centre for the arm 12 . 

One end of the link member 14 is pivotal ly 
connected to a working end of the actuator 13 or the 
free end of a piston rod 22b which is described 
hereinafter, and a part near the other end of the link 

10 member 14 is pivotally connected to the arm 12. A C- 
shaped porta. on 14a on the other end of the Ixnk nieTrubejr 
14 is fitted on a pin 18 which serves as a latch for 
preventing inadvertent rotation of the arm 12. 

Referring to Figure 4, the actuator 13 comprises a 

15 cylinder 21 which is fixedly attached to the base plate 
11, a piston main body 22a which is received from the 
working end of the inner bore 21a of the cylinder 21, 
and a gas generator 25 received in the base end of the 
cylinder inner bore 21a, A collar 23 is interposed 

20 between the piston main body 22a and the gas generator 
25, and fixedly retained therein by crimping the 
material of the cylinder 21 thereon, A compression coil 
spring 24 is interposed between the collar 23 and the 
piston main body 22a for normally urging the piston main 

25 body 22a toward the direction of actuation. 

The piston main body 22a engages the wall surface 
of the inner bore 21a via an 0-ring 26. The piston rod 
22b having the free end which is connected to the link 
member 14 abuts the piston main body 22a axially so as 

3 0 to jointly form a piston assembly 22. The piston main 
body 22a and the piston rod 22b engage each other via a 
coaxial concave portion defined by a curved surface 
having a certain curvature and a coaxial convex portion 
having a slightly smaller curvature. As these two parts 

35 centrally abut each other and are thereby automatically 
aligned with each other, the twisting of the piston rod 
22b inside the cylinder 21 can be avoided, and it 



contributes to the reduction of energy loss and gas 
leakage due to axial offsetting. In practice, the 
curved surface may be replaced with a tapered surface, 
and, in this case, the taper of the convex portion 
should be more gradual than that of the concave portion. 

As the piston main body 22a is normally urged in 
the direction of actuation by the compression coil 
spring 24, the piston rod 22b is also urged in the 
direction of actuation, and the play that may be present 
between the piston rod 22b and the link member 14 and 
between the link merriber 14 and the arm 12 can be 
eliminated. Other spring members, such as dish springs, 
rubber members and so on, may be used in addition to or 
instead of the compression coil spring. 

The opening 21b on the working end of the cylinder 
21 is reduced in diameter by swaging so as to engage the 
outer circumferential surface of an intermediate part of 
the piston rod 22b. The shape of this reduced diameter 
portion may be formed as shown in Figures 5(a) to 5(d) 
in cross section. The example illustrated in Figure 
S(d) involves the use of crimping which may either 
extend over the entire circumference or be limited to 
localized parts. The opening 21b which is reduced in 
diameter prevents the piston main body 22a from moving 
out from the open free end of the cylinder 21 on the one 
hand, and provides a bearing surface for the cylinder 
rod 22b as the piston assembly 22 moves. 

The actuator 13 can be assembled from the end of 
the cylinder 21 remote from the open working end 21b or 
from the open base end as described in the following. 
The collar 23 is properly positioned inside the cylinder 
21, and the material of the cylinder 21 is crimped upon 
the collar 23. The compression coil spring 24 and the 
piston main body 22a are inserted from the left end as 
seen in Figure 4. The gas generator 25 is installed 
from the base end or the right end as seen in Figure 4, 
and the open base end of the cylinder 21 is crimped onto 



a retaining plate 27 serving also as a seal member. In 
this manner, the assembling can be conducted from one 
direction, and the assembling work is therefore 
significantly simplified. 
5 At this point, the piston rod 22b is not installed 

in the actuator 13, and may be treated as a separate 
component part. Therefore, even when the gas generator 
25 is inadvertently activated for some reason, it only 
causes the piston main body 22a to move inside the 

10 cylinder, and would not create any handling problems. 
Because the piston main body 22a is highly light in 
weight, there is no need to install a strong cap on the 
open working end 21b of the cylinder 21. The open 
working end 21b of the cylinder 21 is only required to 

15 be reduced in diameter which would not increase the 
radial profile of the assembly and contributes to 
reducing the overall weight of the assembly. Thus, the 
overall profile of the pretensioner device is minimized 
while providing the advantages of increased freedom in 

20 layout and simplicity of assembling work. The 

elimination of the need for machining owing to the 
absence of a cap adds to the simplification of the work 
involved in the production of the cylinder. 

When installing this actuator 13 into the 

25 pretensioner device P, the cylinder 21 is fixedly 

attached to the base plate 11, and, then, the piston rod 
22b is inserted from the open working end 21b of the 
cylinder 21. The free end of the piston rod 22b is 
connected to the link member 14 via a pin 20. 

30 At this time, the point of connection (the pin 20) 

between the free end of the piston rod 22b and the link 
member 14 is defined at a point somewhat offset in the 
direction of the actuation of the piston rod 22b so that 
the dimensional errors of the component parts of the 

35 pretensioner device and the positional error of the 
assembled link member, that may be present, may be 
accommodated by adjusting the position of the piston rod 



22b in the cylinder bore 21a. Furthermore, because 
these parts are urged in the direction of actuation by 
the compression coil spring 24, the possibility of 
producing any play is eliminated. Also, because the 
piston main body 22a is spaced from the end surface of 
the collar 23, the pressure receiving surface is 
increased over the case where the piston main body 22a 
is in close contact with the end surface of the collar 
23 so that the desired action can be achieved with a 
minimum amount of gas propulsion. This in turn reduces 

^1. 4=«-K- MiP mechanical strength of the cylinder so 

that the wall thickness of the cylinder can be reduced, 
and the overall weight can be reduced. 

The mode of operation of this embodiment is 
described in the following. First of all, when a 
vehicle crash is detected by a deceleration sensor (not 
shown in the drawings) , the propellant in the gas 
generator 25 is ignited, and the thrust of the piston 
assembly 22 resulting from the subsequent buildup of the 
pressure of the combustion gas is transmitted to the arm 
12 via the link member 14 as a rotary motion thereof. 
The rotation of the arm 12 in turn causes the buckle 8 
to be pulled in (see Figure 6) , and the resulting 
increase in the tension of the seal belt 3 enhances the 
capability of the seat belt 3 to restrain the vehicle 
occupant. Even after the pressure of the combustion gas 
has been lost, the reversing preventing device 15 
prevents the reversing of the arm 12 or the slackening 
of the seat belt 3. 

Thus it will be seen that, at least in its 
preferred embodiments, the invention provides a seat 
belt pretensioner device powered by a cylinder device 
incorporating a gas generator which is reliable in use 
and easy to manufacture, which is simple in structure 
and compact in size, and which is easy to handle. 

Further, according to the present invention, at 
least in its preferred aspects, in a power generator 
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including a fixed cylinder, a piston assembly received 
in the inner bore of the cylinder and having one end 
which projects from an open end of the cylinder and 
engages a buckle either directly or indirectly, and a 
5 gas generator for rapidly increasing the inner pressure 
of the cylinder, because the piston member is 
resilient ly urged in the direction to project, the 
dimensional errors of the component parts and the 
positional errors that may occur during assembly can be 

10 readily absorbed, and the assembly work is simplified. 
Also, once fully asserribled, the play that may exist 
between the component parts can be absorbed so that the 
collision of adjacent parts in the power transmission 
mechanism can be avoided, and the energy loss of the 

15 high pressure gas can be minimized. This allows the 
device to be compact and lightweight as a whole. 
Additionally, if the piston assembly consists of a 
piston main body which is dimensioned so as not to 
project from the cylinder even after activation, and a 

20 piston rod which has a base end detachably engaging the 
piston main body from the open one end and a free end 
engaging the buckle, the handling of the device can be 
improved because the power generator can be handled for 
storage and transportation without installing the piston 

25 rod, and the inadvertent actuation of the gas generator 
for any reason merely causes the piston main body to 
move within the cylinder. 

Although the present invention has been described 
in terms of a preferred embodiment thereof, it is 

30 obvious to a person skilled in the art that various 
alterations and modifications are possible without 
departing from the scope of the present invention which 
is set forth in the appended claims. 
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CLAIMS 

1, A pretensioner device for automatically increasing 
the tension of a seat belt in case of a vehicle crash by 
moving a raovably supported seat belt buckle in a 
direction to tension the seat belt with a power 
generator, and preventing a reversing movement of the 
buckle with a reversing preventing device, wherein said 
power generator comprises: 
a fixed cylinder; 

a piston assembly which is received in said 
cylinder and projects from an open end of the cylinder 
at a free end thereof to either directly or indirectly 
engage the buckle; 

a gas generator received in a base end of said 
cylinder remote from said open end for selectively and 
rapidly increasing the inner pressure of said cylinder; 
and 

a spring member which resiliently urges a part of 
said piston assembly in a direction of actuation of said 
piston assembly. 

2. A pretensioner device according to claim 1, wherein 
said cylinder comprises an annular collar fitted inside 
said cylinder, and said spring member comprises a 
compression coil spring interposed between an annular 
shoulder defined by said annular collar and a base end 
of said piston assembly. 

3. A pretensioner device according to claim 1 or claim 
2, wherein said piston assembly comprises a piston main 
body slidably received inside said cylinder, and a 
piston rod having a base end abutting an opposing end of 
said piston main body and a free end projecting out of 
said open end of said cylinder. 

4. A pretensioner device according to claim 3, wherein 
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said open end of said cylinder comprises an inwardly 
directed radial flange which prevents removal of said 
piston main body from said open end of said cylinder. 

5 5, A pretensioner device according to claim 4, wherein 
said inwardly directed radial flange additionally 
provides a bearing surface for said piston rod. 

6, A pretensioner device according to any of claims 3 
10 to 5, wherein said piston main body and said piston rod 
abut each other via a coaxial concave surface and a 
coaxial convex surface having a smaller curvature than 
said concave surface. 

15 7. A power generator for use in a pretensioner device 
as claimed in any preceding claim. 

8. A pretensioner device substantially as described 
herein with reference to Figures 1 to 6. 

20 

9. A power generator substantially as described herein 
with reference to Figures 1 to 6. 
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